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Introduction 

* In the summer oF2QQ7 a global dust storm on Mars 
effectively disabled Opportunity's Miniature Thermal 
Emission Spectrometer (Mini-TES), the primary instrument 
used by the Athena Science Team to remotely identify locally 
unique rocks on the Martian surface. 

* The science team needs another way to distinguish 
interesting rocks from their surroundings on a tactical 
timescale. This study was designed to develop the ability to 
identify locally unique rocks on the Martian surface remotely 
using the Mars Exploration Rovers' Panoramic a Camera 

{ Pancam ) i nslru me nt . 

* Meridian! bedrock observed by Opportunity is largely 
characterized by sulfate -rich sandstones and hematite 
spherules. Additionally, loose fragments of bedrock and 
"cobbles’ 1 of foreign origin collect on the surface, some of 

which are interpreted as meteorites. 


Methodology 

*Thc Pancain Instrument: 

- High resolution, stereoscopic, panoramic camera 

- 13 filters cover ] I VNER wavelengths (432-1009 nm) 

■ Database: 

- 3 10 reflectance spectra extracted from Pancum 13-Filter (13F> 
images: 70 spectra of bedrock, and 240 spectra of cobbles. Including 
Barberton. Heat Shield Rock. Santa Catarina. Jin, Bounce Rock, and 
Arkansas 

- ID RELAB mineral spectra including: clinopyroxene, orUiopyroxene. 
forsterite, fayalile, hematite, magnetite, and goethile 

* Spectral Parameter?;; 

- 16 spectral parameters for each rock spectrum (Table 3 ) 

- Each spectral parameter represents physical characteristics of the 
rock, 

e.g. degree of oxidation, mincralopcal composition, and albedo 

* Principal Components Analysis (PC’ A): 

- Output components are linear combinations of spectral parameters 
-Allows us to identify which physical characteristics of the targeted 

acks contribute most Uj the overall variability of the dataset 
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Tabic L Spectral parameters used in this study. 

in 

Parameter 

m 

Parameter 

I 

432 to 601 ''blue" slope 

9 

535 nm band depth 

2 

436 to 754 slope 

10 

601 nm band depth 

3 

482 to 535 slope 

n 

904 nm band depth 

4 

535 to 60 1 slope- 

12 

535 spectral inflection 

5 

754 to 864 slope 

13 

803/904 ratio 

6 

754 to 1 009 slope 

14 

934/1009 ratio 

7 

864 to 934 slope 

15 

753/432 “L2/Lr ratio 

8 

93410 1009 slope 

16 

Maximum R* value 


Results of PCA 


■ Including all 16 parameters in EXTA, we found that parameter 15 constitutes £9% of the first 
I component and accounts for 88% of the overall variance of the dataset (Table 2) 

- This parameter has been used to measure (tie degree of oxidation of bedrock at Meridian i 
Plsinuin tFamind ct id., 3007). and may Telate to variations in the level of oxidation of cobbles | 

- Could also be affected by dust coalings amKorconcentfatioti of hematite (shadowed spectra 
were excluded from our database) 

* Excluding parameter 15 from PCA, we found that parameters 9, 13 r 13, 14, and 16 are the 
I dominant constituents of the first five components, and account for much of the remaining 
I variability (Tabic 3). They could indicate: 

- Trends in oxidation or dust contamination i parameter 9) 

- Generic type or crystallinity of ferric minerals (parameters 9, L L, l 3. and 14) 

- Trends in albedo (eg. parameter 16) 

■ Parameters b§ ate negligible contributors in Ihc variance of the dataset 


Table 3; Sealed t L>i:l)ii:ienl.H (lis perL-cnE* > of Selected parameters 

Note: parameter 

1 5 excluded from PCA in this analysis 



Parameters: 
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Component 1 
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Analysis 

* We plotted output components in ternary diagrams, exploring what combinations 
would produce recognizable trends to differentiate between rock types. 

* A plot of the first three components shows that most rocks plot near the vertex for 
component 1 

- Because parameter 15 dominates the principal component, points nearer 
to the vertex of component t may represent rocks with a higher degree of 
oxidation 

■ Where available, data collected by Opportunity's Md&sbauer spectrometer 
i MR) and Alpha Partiek'! X-ray Spectrometer (AFXS) should be used to 
better characterize these outliers and to better understand the meaning of 
parameter 15 

* When parameter 1 5 is excluded from PCA, the rocks spread out more evenly among ] 
the lirsl three components 

- Points representing bedrock, known meteorites, RELAB mineral spectra, 
and cobbles do run plot within distinct fieids 

-The mathematical technique of ilierarchkhi Clustering may help to define 
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Table Jj Sealed CoelTicients (as percents) of Selected parameters 


Note: all parameters included in PCA in this analysis 1 


Parameters: 
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Component 1 

4.5 

0.9 

0.7 

1.4 

88.8 

2,0 

99,2 


Component 2 

0.7 

25.1 

24.8 

29.4 
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Conclusions 

Much progress has been made ia developing the ability to remotely 
identify rocks of interest at Meridian i Planum using Opportunity’s Pancain. 
We found that parameters I -8 are negligible contributors to the variability of 
the dataset, and may be excluded. With continued research utilizing MB and 
APXS data gathered by Opportunity, and additional analytical techniques, 
this methodology may be expanded upon to regain capabilities to remotely 
identify locally unique rucks on a tactical L 







